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Differences in Visual Acuity Measurements Obtained with 
Different Types of ‘Targets’ 


Gerald F. Rabideau 


Purdue University 


INTRODUCTION 
Purpose of Study 


HE GENERAL aim of the present in- 
paler was a comparison of 
visual acuity thresholds obtained by the 
same measurement method applied to 
several commonly used visual acuity tar- 
gets. Secondary purposes were the estima- 
tion of the reliability of the thresholds 
and the determination of their intercor- 
relations. Visual acuity is herein defined 
as the ability of the visual sense organ to 
resolve images of extremely small visual 
stimuli. 


Previous Visual Acuity Research 


Since Dr. Snellen (22) first published, in 1862, 
his visual acuity test characters, and established 
one- and five-minute dimensions as a primary 
rule in the construction of target letters, there 
have been a number of attempts, both systematic 
and haphazard, to develop the ideal test symbol. 
Psychological literature abounds in reports of 
research on problems of visual acuity. Few, how- 
ever, have systematically dealt with the evalua- 
tion and/or comparison of either new or widely 
used visual acuity test symbols, or targets. Recent 
nonoverlapping bibliographies of published 
papers on general visual acuity problems were 


* This monograph is a condensation of a dis- 
sertation at Purdue University (1g). The author 
wishes to thank Professor Joseph Tiffin, chairman 
of his advisory committee, for his interest, guid- 
ance and encouragement; the other members of 
that committee, Professors E. J. Asher, N. C. Kep- 
hart, C. H. Lawshe, and W. V. Owen, for their 
helpful counsel; and his wife, Betty June, who 
assisted with the mechanics of writing this mono- 
graph. 


compiled by Giese (g) and by Rabideau (19). Ref- 
erences listed therein trace the historical develop- 
ments in the construction and use of visual acuity 
targets during the past half-century. 

Some investigations of visual acuity published 
subsequently to the appearance of the former 
bibliography (g) have made use of factor analysis. 
The identification of several underlying factors 
in such studies suggests that, for possible future 
research, several acuity measuring devices should 
be so designed as to separately measure those 
factors, thereby allowing evaluation of the rela- 
tive importance of such factors in activities re- 
quiring visual sensitivity. 


Application of a Psychophysical Method 


General conclusions stemming from 
other research in visual acuity have 
shown the superiority of certain target 
symbols and revealed the effect of certain 
factors, such as distance, illumination, 
brightness contrast, and exposure time 
(19). 

In the present experiment these condi- 
tions were held constant, and particular 
attention was given to the selection of an 
extremely reliable measurement method, 
in order that differences between visual 
acuity thresholds on the various targets 
could be evaluated. Because it was found 
in an earlier investigation (23) that the 
Urban constant psychophysical method 
could be applied to the measurement of 
such thresholds, using as few as 50 trials 
per threshold and yielding reliability 
coethcients above .g3, that measurement 
technique was selected. 
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Several underlying assumptions were necessary 
(17) to the application of a psychophysical method 
to this problem in visual acuity measurement. 
Briefly summarized, they are: (a) A threshold is 
an average value of an ever-changing sensitivity. 
(b) Both the judgments resulting in a threshold 
and the thresholds thereof must be considered 
as random samples of their respective infinite 
universes, (c) Sampling errors enter into either 
of the above sampling processes, as well as in the 
sampling of the subject (S) population. 

Additional background on applied psycho- 
physical methods in general may be found in 
Irwin (13), Jones (14), Preston (18), and Rich 
(20). Guilford (11) briefly treated the history of 
the constant methods and described the Miiller- 
Urban method, 

There have been several applications of the 
method of constant stimuli to technological 
problems similar in nature to the comparison of 
visual acuity thresholds obtained with different 
targets. One such paper (26) reports on the effect 
of floor tile size on apparent brightness of pat- 
terned tile, and the effect of cover markings on 
the apparent size of golf balls. Another (14) paper 
described the utilization of constant methods in 
photography and the determination of relation- 
ships between physical film emulsion and chemi- 
cal variables and picture quality. In another 
article, Ferguson (6) described the statistical 
adaptation of the constant process to item selec- 
tion, outlining a method of item selection based 
on the method of constant stimuli. 


‘THe PRoBLemM 


The problem, restated more fully, was 
as follows: When visual acuity is reliably 
and precisely measured, using a single 
psychophysical measuring technique—the 
method of constant stimuli—and holding 
other conditions, such as lighting and 
distance, constant, and when thresholds 
are obtained on several different types of 
commonly used visual acuity targets: 

1. What does an analysis of variance 
revea] about mean performances of sub- 
jects on the various targets? 

2. How reliable are the thresholds ob- 
tained from those different targets, when 
a splithalf method of reliability estima- 
tion is used? 

§- How many factors underlie per- 
formances on the several targets’ tasks? 


APPARATUS AND PROCEDURE 
Target Design and Construction 


The target series that was used con- 
sisted of eight different task groups, here- 
after referred to as targets. Five of those 
targets consisted of Snellen letters. How- 
ever, since one consisted of the Snellen 
“E,” which was presented to § as a posi- 
tional discrimination task, four of the 
targets were positional by nature of the 
task, and four were letter naming, or 
legibility targets. 

The four positional targets shown in 
Fig. 1a, 1b, 1c, and id are the Ortho- 
Rater checkerboard design (also referred 
to as “C”’), the Keystone ‘Telebinocular 
dot-type test object (“K”), a Landolt 
circle (“L’"’), and the Snellen “E.” In 
Fig. 1e, if, and 1g are found the letter 
target groups S;, Sy, and Sy, consisting 
of the letters L, R, T, U, Z (S,); C, F, P, 
S, V (Sy); and B, G, H, N, and ¥ (Sy). 
Target group S,y consisted of a combina- 
tion of all 15 of the above letters, which 
include 15, of the 17 different letters con- 
stituting the Snellen chart. (A Snellen 
chart published by Bausch and Lomb was 
used as a model for the construction of 
the experimental letter targets.) 

The assignment of individual letters to target 
groups S;, Sy, and S;,; was made on the basis of 
a prior investigation (19) of letter legibility. 
Target group 5, consisted of five of the most 
legible letters; S,,, five of intermediate difficulty; 
and Sy), the five least legible letters. 

The relative dimensions of the targets for any 
given target size were of two kinds: 

1. Dimension of critical element. For the check- 
erboard design (C) the critical element was the 
width of the large-grid squares; for the dot de- 
sign (K) it was the diameter of the dot; for the 
Landolt ring (L), the width of the break, or gap, 
and the width of the stroke; and for all Snellen 
letters (including “E”), the stroke width. 

2. Over-all dimensions, The over-all dimensions 
of the large grid checkerboard target configura- 
tion were five times the critical element size, 
whereas the over-all dimensions of the checker- 
board configuration, with all five grid patterns 
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included, were i5 times the critical element size. 
In the dot configuration the square was three 
times the critical element size, and the total con- 
figuration’s dimensions were nine times the 
critical element size. For the Landolt the over-all 
diameter of the circle was five times the critical 
element size; and for all Snellen letters the over- 
all dimensions were also five times the critical 
element size. 

All of the targets were drafted in India ink to 
a scale of ten times the actual size of the largest 
target in each series, Next, the 20 target sizes 
were photographically reproduced from the origi- 
nal photo negatives produced from the drawings, 
by means of a reduction scale of mathematically 
calculated dimensions. Targets were considered 
to be acceptable only when their dimensions 
erred less than +.002 inches from calculated 
correct dimensions, Dimensional errors were 
checked by means of magnification under a 40- 
power industrial microscope. All targets were re- 
produced on a semimatte photo enlarging paper. 

Sizes of the targets’ critical elements were de- 
termined by the decimal acuity series (23), which 
is defined as the reciprocal of the visual angle 
subtended by the critical element at a distance of 
‘20 feet. For example, the decimal acuity value 
for the Snellen 20/20 target size, the critical ele- 
ment of which subtends one minute of visual 
angle at go feet, is 1/1 or 1.00, Twenty decimal 
acuity size steps were used in constructing the 
targets; they included a range that previous in- 
vestigations had shown to be necessary to this 
kind of experimentation, Size notation of the 
largest target was 0.3, and of the smallest, 2.2. 


Experimental Procedure 


During the course of the experiment, each § 
was seated in a chair with his forehead resting 
against a headrest. This enabled E to keep the 
eye-target distance constant at 20 feet. Only right 
eyes were tested, and the left eyes’ visual fields 
were occluded, That was done to permit elimina- 
tion of variables whose potential effects were not 
known: retinal rivalry and suppression. 

Targets were separately presented on an easel, 
and they were lighted by four Lumiline 40-watt 
tubes, so placed that light falling on the target 
from the four directions was of even intensity. 
The lighting at the easel’s surface was 40 foot- 
candles, 

The experimental room was kept at normal 
winter room temperature, Ventilation was pro- 
vided by two Y-horsepower electric fans, The 
general room lighting at S's chair was about 
four foot-candles, an intensity of lighting that 
seemed necessary to prevent S's visual organs 
from dark adapting. 

The Ss consisted of graduate students in psy- 
chology and advanced undergraduate psy- 


chology majors. Thirty-two Ss, 25 males and 
seven females, volunteered, and each was as- 
signed an ordinal subject number that had been 
previously assigned an order in which the tar- 
gets would be presented to S. Eight orders of 
presentation were used, and they were arranged 
by means of circular permutation which placed 
each target group in a different relative position 
in each of the eight orders. 

A typical session consisted of the following 
procedure: S was seated, an occluding patch was 
placed over S's left eye, and he was instructed 
to make himself comfortable in the chair and to 
place his forehead against the headrest. The E 
adjusted the latter to suit S's sitting height. 
Next, instructions were read to S which informed 
him briefly of the experiment’s purpose, the 
target groupings, procedure in testing, and the 
responses that he could give. Immediately prior 
to the series of test trials for each target, E 
presented approximately 40 trials with varying 
sizes of that target to determine which target 
size S could respond to correctly slightly less 
than 100 per cent of the time and which size § 
got correct just better than a chance per cent 
of the trials. A range of five successive target 
sizes was selected for the test and the method of 
constant stimuli was employed, with the targets 
being presented in a descending order of size. 
Correct choices for each trial were randomly 
determined before the experiment. Each stimu- 
lus size was presented 20 times in succession. 
Possible responses for the positional targets were 
“top,” “bottom,” “left,” or “right” (and “cen- 
ter" for the Telebinocular dot configuration). 
For the legibility targets the letter had to be 
identified, there being five choices available to 
S for target groups S;, S,, and Sy; for 
Siy the 15 available choices were all made known 
to S. Only correctness of response was recorded, 
and § was allowed to change his response at any 
time prior to subsequent stimulus presentation, 
The rate of presentation was governed by S's 
speed of response. Duration of sessions ranged 
from two and one-half to three hours, 

The foregoing procedure was repeated for 
each of the 32 Ss. 


RESULTS AND DIsCUSSION 


Statistical Analysis 


Threshold data. Statistical treatment of 
the data first involved computation of 
256 Miiller-Urban thresholds. These 
thresholds were then utilized in an anal- 
ysis of variance and in obtaining inter- 
correlations of thresholds. An additional 
512 threshold curves were fitted to split 
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halves of the original data, in order to 
compute reliability coefhcients. Splitting 
was done by separating the first ten and 
second ten presentations of each stimulus 
size. 

According to Edwards (5, p. 174), an 
analysis of variance is a means of testing 
the hypothesis that a number of inde- 
pendent samples are random samples 
from the same normal population. By 
means of this process the total variability 
of Ss’ performances may be split into 
component parts, i.e., variability between 
targets, variability between orders, and 
variability between subjects within or- 
ders. The F-ratio tests the mean square 
of a particular source of variation by 
dividing it by its own mean-square-error 
estimate. 

Subsequent to the analysis of variance, 
a Tukey analysis was applied (24). 
Tukey's process enables one to break 
means of a given variable, i.e., targets, 
into groups on the basis of significant 
differences between certain of those 
means. 

The remaining statistical treatments 
were estimation of reliabilities of the 
various target thresholds by means of 
correlations between split-half thresholds, 
and a centroid factor analysis which was 
made of intercorrelations of seven? of the 
eight target groupings. A step-by-step 
procedure for the factor analysis process 
is provided by Guilford (11). Several cri- 
teria of when to stop factorization were 
utilized. They were Tucker's, McNe- 
mar’s, and Saunders’ formulas, all of 
which are included in Cattell's Factor 
Analysis (1). Cattell recommends the @p- 
plication of multiple criteria, thereby 

*Siy, a legibility test, which actually involved 
a combined grouping of the targets of $,, S,,, 
and Sy, was omitted from the factor analysis 


because it was felt that it would not add any- 
thing to the factor matrices. 


TABLE 1 


MEAN VisuaL Acuity THRESHOLDS AND 
STANDARD DEVIATIONS FOR 
ALL TARGETS (32 Ss) 


Target® Mean SD 


157 
.277 
293 
277 
295 
230 


Om 
eooo000000 


* See the text for identification of the above 
target symbols. 


avoiding the fallibilities of any one cri- 
terion used alone. He believes that Saun- 
ders’ criterion is probably the most effec- 
tive criterion, and ‘Tucker's the briefest. 

Table 1 presents the mean and stand- 
ard deviation of the visual acuity thresh- 
olds of the g2 Ss. Each individual's 
threshold was measured by the Urban 
constant process, with the thresholds ex- 
pressed in decimal acuity units. (Thresh- 
old data are tabulated in reference 19.) 
The computational procedure utilized 
was the same as that outlined by Guil- 
ford (11). 


Analysis of variance. Findings of the 
analysis of variance are summarized in 
Table 2. 

Since the between-orders source of 
variation and the interaction of targets- 
versus-orders source failed to contribute 
significant F ratios, a Bartlett's test for 
homogeneity of variance was applied to 
each of the two error-variation sources, 
Bartlett's formula (5) for a y* test of 
homogeneity of variance is: 


x’? = (2.3026) (n—1) rion =| 


log s*. 
_ In testing the hypothesis of homoge- 
neity of variance between-subjects-within- 
orders, a 7? of 11.340, with seven de- 


5 
— 
L 
E 
Si 
Su 
Sin 
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TABLE 2 


Summary or ANALYSIS OF VARIANCE FINDINGS 


Sum of 
uares 


SS) 


Source of Variation 


Statistic 
Mean 

1S) 


df 


Between orders (O) 1.162 


Between Ss within orders 13.994 


Between targets (7°) 9.582 


Interaction TKO 0.618 


Interaction TX Ss within orders 4.409 


MSo 
——=0.285 
MSs 


MSr 
= 52.654° 
MSrxs 


MSrxo 
=0.500 
MSrxs 


Total 


29.765 


* Significant beyond the 1 per cent confidence level. 


grees of freedom, was obtained. In the 
test for homogeneity of variance of the 
targets-versus-subjects-within-orders inter- 
action, a y* of 11.960 resulted, with 
the same number of degrees of freedom. 
In both cases the hypotheses of homo- 
geneity of variance were considered to 
be tenable. 

Tukey analysis of differences between 
means, Presented in Table 3 are mean 
thresholds for all targets, arranged in 
order of magnitude. Those means were 
subjected to a Tukey analysis (24). In- 
cluded are differences between successive 
means. The differences were first sub- 
jected to a significance test against a ¢- 
ratio criterion set up for that difference 


between target threshold means which 
would be significant at the 1 per cent 
confidence level, Only the K and C target 
means differed significantly at the 1 per 
cent level. Targets S,, E, Sy, Su, L, Si 
and C, therefore, were called group /, 
and target K was designated group II. 

A second step in the Tukey analysis 
was an application of straggler tests to 
the mean thresholds of the seven targets 
in group J, with the result that group / 
was split into two subgroups, A, and B, 
which differed significantly at the 1 per 
cent level. 

Table 4 shows, under the heading 
“groups,” the two groups of targets hav- 
ing threshold means which were signifi- 


TABLE 3 


Tarcets’ THRESHOLD MEANS ARRANGED IN ORDER OF MAGNITUDE FOR TUKEY 
ANALYSIS, WITH SMALLEST AT Lert. Dirrerences BETWEEN 
SuccESsIVE MEANS 


Target 


K Cc 


L Su Sun E S; 


0.841 1.236 
0.395 


1.254 
0.018 


0.040 


1.294 1.358 
0.064 


1.414 1.450 1.506 
0.056 0.042 0,050 


6 
| 
24 0.58% 
168 0.026 
Siv 
| 
Difference 
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TABLE 4 


SumMMARY OF TUKEY ANALYSIS: SPLITTING OF TARGETS INTO SIGNIFICANTLY 
DIFFERENT GROUPS AND SUBGROUPS 


Subgroup 


Targets 


Relative Difficulty 


A Si, E, Sin 
B Su, L 


K 


Srv, C 


Easiest targets 
Intermediate 


cantly different. Table 4 also shows the 
significantly different subgroups of group 
I. Under “targets” are presented, in 
Table 4, the separate targets composing 
groups JA, /B and J. 

Finally, an F test was applied to the 
between-means variability for the com- 
ponents ‘in each subgroup. It was found 
that the between-means variation failed 
to yield an F significant at the 1 per cent 
level. Separation of targets into signifi- 
cantly different subgroups was termin- 
ated at that point. Three separable 
groupings and subgroupings were found, 
with the dot test being the most difficult, 
and certain of the Snellen letters the 
easiest-to-see targets. 

Intercorrelations and factor analysis. 
Table 5 presents the intercorrelations of 
the target groups. 

Following Guilford’s (11) recommenda- 
tion that the communalities of the cor- 
relational matrix should be estimated by 
successive approximations, two approxi- 
mations were made of the factor loadings 


and communalities of the seven target 
groups. Table 6 shows the factor loadings 
and communalities obtained from each 
approximation. 

Figure 2 graphically reveals the factor 
loadings of the seven tests. Although use 
of a greater number of test targets might 
have allowed a rotation of the axes, the 
lack of additional tests clustering around 
C (the checkerboard target) or K (the 
dot target) does not warrant a rotation of 
the axes which are shown in Figure 2. 
Naming of the factors is discussed in a 
subsequent paragraph. 

Split-half reliabilities. Estimates of the 
reliabilities of thresholds obtained from 
the various targets are contained in 
Table 7. The top row represents the raw 
split-half coefficients, and the bottom 
represents those coefficients yielded by the 
Spearman-Brown prophecy formula for a 
test having the length of the one used. 
All the Spearman-Brown coefficients were 
found to be .go or higher. 

The thresholds that were computed for 


TABLE 5 
INTERCORRELATIONS OF THRESHOLDS YIELDED By E1icur TarGers 


K L 


381 584 


-637 


7 
Group* 
| Most difficult 
Pa Probability that these groups and subgroups are samples from same normal population is less 
Nn 
K .718 .776 -756 -714 .693 
L -873 871 
E .goo .907 
Si .909 .870 
Su 
Sin -859 
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Fic. 2, Factors I and Il, with axes unrotated. 


purposes of split-half reliability estima- 
tion are tabulated in reference 19. 
Correlation of target area with the 
mean thresholds of the various targets. 
During the computational processes it 
was observed that there was a consistent 
tendency for certain of the targets to 
yield higher thresholds than did others. 
An additional hypothesis was formulated 
to the effect that fineness of threshold was 
positively related to the over-all amount, 
or area in square minutes of visual angle, 
of the black portions constituting the 
critical elements of standard-sized targets, 
when the standard size notation is 1.0 
(decimal acuity series). It should be 
noted that these are relative areas, since 


they were computed with target size held 
constant. 

In order to test the above hypothesis, 
the thresholds and areas were first ranked 
on the basis of total blacked-in area of 
each target's critical elements. Areas and 
ranks for the different targets are as fol- 
lows: E, 16.0, 1; Sy, 14.0, 2; Sy, 13-7, 3; 
Sry, 13-6, 4; Sy, 19-2, 5; C, 13.0, 6; L, 11.6, 
7; and K, o.8, 8. 

Correlations were computed using a 
rank-difference procedure between all 
targets, and between positional targets 
only. Since the letter groups’ areas were 
average values dependent upon the ar- 
bitrary assignment of letters to those 
groups, a separate correlation between 
the foregoing ranks was not computed for 
the legibility targets. Table 8 shows the 
area and the threshold rankings for each 
of the above correlations. Rho values 
obtained were .8: for all targets, and 
80 for positional targets. The former is 
significantly greater than zero, according 
to Kendall (15), with confidence level 
at .oo8. Because of the small target n of 
the positional target coefficient, its signi- 
ficance could not be determined by 
means of available tables. 


Discussion of Findings 


That the between-targets source of vari- 
ation yielded the only significant F ratio 
in the analysis indicates the tenability of 
several conclusions. First, the various ex- 


TABLE 6 


First AND APPROXIMATION OF Factor LOADINGS AND COMMUNALITIES 


First Approximation 


Final Approximation 


ky ky 


.348 
896 
.928 
.956 


8 
a 
“sts 
1 7s 100! 
a 
hy hy he 
Cc -636 . 369 .540 -§10 
K -776 —.351 +705 
E .069 .913 
Si 927 — .208 .9o2 
Su 954 —.1§2 .928 
Sin 958 933 103 -935 
1 
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TABLE 7 


CoerricieNnts 


Coefficient 


Target 


Tu 


* Coefficient rj, is the Spearman-Brown r. 


perimental] target objects cannot be con- 
sidered to constitute samples of the same 
population. The Tukey analysis substan- 
tiated that, indicating that the experi- 
mental targets actually consist of sub- 
groups of targets, differing significantly 
in difficulty. 

Second, the order in which targets were 
presented did not affect performances 
significantly, Therefore, it may be con- 
cluded that practice and fatigue effects 
throughout the two-and-one-half hour 
testing sessions were either negligible, or 
they cancelled each other's effect. 

Third, the target-order interaction 
failed of significance, indicating that Ss’ 
performances on the various targets were 
not differentially affected by the order in 
which those targets were presented. 

Since Bartlett's tests of the assumption 
of homogeneity of variance indicated the 
tenability of the homogeneity assump- 
tion, a conversion of the thresholds was 
not necessary. 

The confidence level used throughout 


this investigation may be characterized 
as high. For example, had a 5 per cent 
level been used in the Tukey analysis, it 
is likely that almost all of the targets 
would have been found to differ signifi- 
cantly from each other. The error, if any, 
resulting from use of the 1 per cent confi- 
dence level has been one in the direction 
of reducing the number of independent 
target groupings. It is interesting to note 
that the separation of Snellen letters into 
more homogeneous groupings on the 
basis of legibility changed the relative 
dificulty of those groups. The “easiest” 
and “most difficult” groups were signifi- 
cantly less difficult than the “intermedi- 
ate” group. A pertinent conclusion to this 
finding would probably be that those 
persons who would construct letter charts 
on the basis of the legibilities of letters 
should proceed with caution. Legibility 
will vary with the total number and 
varieties of letters from which the testee 
can select in making his response, Legi- 
bility of any letter is thus a function of 


TABLE 8 
MEAN THRESHOLD AND AREA RANKS For: (a) ALL TARGETS, 


AND (b) PositTionaL TARGETS ONLY 


Target Variable 


Target 


Group Ranked* K 


L E Si 


All targets Area K 
Threshold 8 


7 1 3 
5 2 I 


Positional targets Area 4 
Threshold 4 


3 I 
2 I 


* Lowest number represents the highest rank, which in turn is assigned to the largest area and to 


the smallest threshold. 


9 
Cc K L E Si Su Sin Siv 
. 896 .828 .956 .963 B45 
-945 .go6 -977 -goo .o81 .942 .g16 
Su Sut Siv 
4 3 6 
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the Gestalt of which it is a part. 

The findings of the present investiga- 
tion tend to substantiate Cowan (4), who 
concluded that a black dot on a white 
ground suffers from irradiation of the 
white, yielding higher threshold measure- 
ments than do letters, The evidence tends 
to lend support to Imus’ (12) conclusion 
that Ortho-Rater tests are significantly 
more difficult than letter tests. 

One may generally conclude that a 
test composed of Snellen letters differs 
in difficulty from a dot-type positional 
test or from a tumbling “E” test. Since 
those thresholds are not likely to be 
equivalent in individual cases, extreme 
caution should be urged in the substitu- 
tion of the scores from one such test for 
the scores on another. To put it differ- 
ently, a visual acuity rating of 20/20 on 
the tumbling “E,” the Snellen letter 
chart, and a dot-type test means, in each 
case, a different level of acuity, Thus, the 
estimation of a patient's visual acuity is 
dependent upon the type of measuring 
device the clinician chooses to use. 

Conclusions by Fink, Ferree, and Rand 
(7), and Giese (g), that Snellen letters 
should be discarded tend to be supported 
by this study's findings that threshold is a 
function of the letter combination, 

Comparison of the factor analysis load- 
ings with those found by the Army (27) 
and by Cook (§) indicates that a single 
major factor loading is present in all 
target performances. In both of the above 
investigations that major factor was 
named “retinal resolution.” The second 
factor axis in the present analysis prob- 
ably represents a brightness discrimina- 
tion factor. If rotation were possible in 
Fig. 2, the probable result would be to 
reduce the checkerboard test (C) loading 
in factor II to zero, as was the case in the 
Army study, All other targets would show 
increases in factor II loadings. According 


to the Army study (27), the Ortho-Rater 
checkerboard target appears to be the 
purest test of retinal resolution, and the 
dot-type test, the purest measurer ot 
brightness discrimination. 

Additional research in development of 
visual test objects and factor analyses of 
test performances on them appears to be 
advisable. It is possible that visual acuity 
will one day be thought of as a group of 
performance traits. Validation of rela- 
tively pure measures of certain visual 
acuity factors awaits the construction of 
such measuring devices. Prediction of 
performance on different tasks requiring 
differing amounts of different visual 
acuity traits could be clinically as well as 
industrially useful. 

With regard to threshold reliabilities, 
earlier findings (23) appear to be verified. 
A method of constant stimuli yields high 
reliabilities with as few as 100 stimulus 
presentations per test. Differences be- 
tween the coefficients, which range from 
.go to .g8, may not be significant, The 
two lowest 1's, however, were those ob- 
tained using the dot test and the tum- 
bling “E,” whereas the two highest were 
one of the letter target groups (S,) and 
the Landolt ring. 

Cowan's conclusion (4) that the Lan- 
dolt is inferior in reliability to letter tar- 
gets is not tenable in light of the findings 
of the present investigation. Fink’s (8) 
conclusion that the tumbling “E” is in- 
ferior in reliability to the Landolt circle 
appears to be corroborated. 

Evaluation of the finding that target 
area is related to threshold is difficult, 
since the hypothesis was evolved from the 
original experimental data. It is sugges- 
tive, however. Lf further research corrobo- 
rates that finding, it will definitely point 
out the need for standardizing the rela- 
tive dimensions of visual test objects. 
For instance, if a 3 x g black square 
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checkerboard should yield significantly 
different visual acuity thresholds from 
one having 5 * 5, or 25, black squares as 
critical elements, then the two must be 
considered to be measuring the same 
thing in different ways. The work of cer- 
tain constructors of test objects, e.g., let- 
ters having other than the Snellen one- 
and five-minute dimensions (25), would 
be largely invalidated. 


SUMMARY AND CONCLUSIONS 


An experiment was conducted, using 
32 Ss, to compare visual acuity measure- 
ments obtained with different types of 
commonly used visual acuity targets. The 
psychophysical method of constant 
stimuli was used. Variables such as dis- 
tance and lighting were held constant. 
The threshold data were subjected to an 
analysis of variance, a factor analysis, and 
estimation of threshold reliabilities. 

Results of the statistical analysis 
showed that visual acuity measurements 
differed significantly as a function of tar- 
get, but not as a function of an interac- 
tion of practice and fatigue or of th. 
order of presentation, At least two under- 
lying factors determined performances on 
the various tests; these factors were 
named retinal resolution and brightness 
discrimination, Split-half reliability esti- 
mates indicated that the measurement 
method yields highly reliable measures 
for all targets (above .go). Relative area 
of black present in critical elements of 
targets of the same size was found to cor- 
relate positively with fineness of thres- 
hold. 

Conclusions that appear to be sup- 
ported by the findings are: 

1. Visual acuity thresholds are depend- 
ent upon test object design and nature 
of the acuity measurement task. 

2. The meaningfulness of Snellen let- 
ter thresholds is limited by the finding 


that letter difficulty, and hence threshold, 
is a function of what letters are com- 
bined in the test. 

3. Snellen letter targets yield finer 
thresholds than do nonletter targets. 

4- The number of letters involved as 
test choices is negatively related to fine- 
ness of threshold of Snellen letter tests. 

5. Neither incremental conditions, 
such as practice, nor decremental ones, 
like fatigue, acted to significantly affect 
the measurements obtained on the vari- 
ous targets. 

6. Caution should be exercised in com- 
paring visual acuity measurements ob- 
tained with different types of targets. 

7. Findings of a factor analysis indicate 
that there are two (or more) kinds of 
visual acuity. 

8. Test objects designed to measure as 
purely as possible the basic abilities indi- 
cated by factor analysis would be of value 
in clinical and industrial testing. 

g. It may be concluded that the 
method of constant stimuli and Urban 
constant process yields highly reliable 
visual acuity thresholds with as few as 
100 stimulus presentations per test. 

10. There is some evidence to indicate 
that thresholds of visual acuity are re- 
lated to area of black composing the 
critical elements of the various targets 
used in this study. 

Further research that is indicated by 
the present investigation falls into two 
areas: 

1. The development of practical visual 
acuity test targets separately measuring 
the various factors. Such tests could be 
clinically and statistically validated, and 
they could prove of value in industrial 
personnel selection. 

2. The relationship of area of target 
design to threshold should be investi- 
gated, with a view toward standardiza- 
tion of test object dimensions. 
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